Landfill is the oldest and the most common form of removal and disposal of waste, constituting the final disposal method of municipal solid waste (MSW). It is well known that the impact of MSW landfills can cause pollution of all environmental components. The negative environmental impact of landfills can be reduced by applying protection technologies and appropriate solid waste management technologies. The present study undertook monitoring of the Štěpánovice MSW landfill influence on the environment. The spatial characteristics of the area influenced by the landfill and the possible impact of leachate using phytotoxicity tests were carried out. The landfill itself is engineered, with bottom liner and leachate and landfill gas collection and treatment system. The landfill has not had any direct and significant influence on the surrounding environment and water quality so far.
INTRODUCTION
Each year, about 10· 10 3 Kg of municipal solid waste (MSW) is produced globally (Shu et al., 2018) . As the final method disposal of MSW, landfill, is the oldest and the most common form of removal and disposal of waste . Waste management is a civilizational problem (Wolny-Koładka and Malinowski, 2015) and landfills have been widely applied due to a number of advantages, including simplicity, low investment, large handling capacity and low operating cost (Li et al., 2017) . Some studies indicated that almost 95% of MSW was disposed of by landfilling worldwide (Ghosh et al., 2015) ; in the European Union (EU), most of the member states dispose of more than 50% of their waste in landfills (Cuartas et al., 2017) . However, with the progress of urbanization and the residents' demands of higher living environment quality, the pollution of landfill sites has increasingly attracted attention in the world, because landfill contains a great deal of potential toxic compounds, some of which may threaten the safety of the surrounding environment. It is known that the impact of MSW landfills can cause pollution of all environmental components (Makarenko and Budak, 2017) . In recent years, some researchers studied the influence of landfill sites on the groundwater. For instance, El-Salam and Abu-Zuid (2015) analysed the environmental impacts associated with MSW landfilling, leachate and groundwater quality near the landfills in Egypt. Nagarajan et al. (2012) studied the possible impact of leachate percolation on the groundwater quality. Another study, provided by Koda et al. (2017) assessed the groundwater quality in a landfill and a waste management site, with special regard to the levels of organic pollution. There have been studies in the literature reporting more generally the influence of landfill sites on nearest surrounding. For example, Gworek et al. (2015) focused on assessing the influence of a 35-year-old MSW landfill on the environmental mercury pollution in the soil profile, groundwater, and the plants. Palmiotto et al. (2014) conducted integrated risk assessment for emissions of hazard compounds and odour nuisance to describe the environmental quality in the landfill proximity.
The negative environmental impact of landfills can be reduced by applying protection technologies in landfill design, such as the use of an appropriate impermeable material for bottom and top capping (Dajić et al., 2016; Cuartas et al., 2017) . These negative environmental impacts must be controlled both during the operational phase of a landfill, and post-closure (known as the 'aftercare' period) until they no longer pose an unacceptable risk to the environment. Our research team has been involved in the investigation of the environmental problems of contaminants produced and released from landfill facilities. The present study undertook the monitoring of the Štěpánovice MSW landfill influence on the environment in order to: (i) study the spatial characteristics of the area influenced by the landfill, (ii) better understand the possible impact of leachate using phytotoxicity tests, (iii) and to assess landfill influence on water quality. The research results provide scientific information for protecting and managing the environment in the landfill surrounding and similar areas, and we hope it provides a good example for further environmental research.
MATERIAL AND METHODS
The research focuses on several characteristics describing the MSW Štěpánovice: historical development of the cadastre illustrated using maps, analysis of the environmental conditions and landfill reclamations. The research likewise focuses on the assessment of the phytotoxicity of the leachate and waters from the active body of MSW Štěpánovice landfill. The research involves assessing the correlation between the toxicity of the tested water samples and the precipitation volumes in the given area as well as the resulting environmental conditions.
Study area
The study area is located in the Pilsen Region Every day, up to 37.5 · 10 3 kg of waste is authorized for landfilling. The disposed waste includes: municipal solid waste, non-hazardous Figure 1 . Location of the landfill wastes and the material for landfill cover. Wastes may include scraps of paper, plastics and metals, packing, spent tires, textile products, building materials, ashes from municipal solid waste incinerators, polluted terrain from environment reclamation, etc. (Heralová, 2017 ) (the amount of waste landfilled in years 2015 and 2016 is presented in Figure 2 ). In 2015, a total of 18,291.3 × 10 3 kg of waste was deposited on the landfill and 16,142.9 × 10 3 kg of wastes in 2016. In last years, the production of landfilled waste has been reduced.
The landfill site is located over an impermeable natural clay layer; the bottom and side boundaries may vary according to the period of cultivation; however, they generally include several protective layers, such as a compact clay layer (100 cm), geotextile membranes, gravel (50 cm), geomembranes (1.5 mm) non-woven fabric (1200 g/m 2 ), pulper products. The landfill covers (top and side) are formed by a waste layer to stabilize the surface, drainage systems, compact clay (20 cm), soil and a vegetative soil layer (up to 100 cm). A grassy mantle and/or forestation with local vegetation will complete the recovery of the environment after closing of each parcel. The systems for leachate treatment, and gas recovery, collection and treatment are in operation. The landfill is situated in the north part of widely opened valley directed towards W-E. The landfill is surrounded to the N and S by a vegetation belt, predominantly comprising Pinus sylvestris. The hilly landscape in the western part of the study area is used for agriculture, similarly to the eastern lowland .
The history of solid municipal waste landfill Štěpánovice
The development of the Štěpánovice landfill cadastre is illustrated using historical maps between 1950 and the present. The site has been described in terms of cadastral changes. The landfill is located in the cadastres of Dehtín and Štěpánovice municipalities. Figure 3 shows the borderline between municipal cadastres using a red line. The landfill is located at the Šumava foothills.
Natural conditions
The environmental conditions around the landfill were described in terms of their pedological, geological and geomorphological features. The characteristics of the environmental conditions also comprise the description of protected landscape areas and territorial systems of ecological stability. The territorial systems of ecological stability are defined by the Act No. 114/1992 Coll., on Nature and Landscape Protection as a mutually integrated complex of natural and altered, although nearly natural, ecosystems which maintain natural stability. The aim of the territorial systems of ecological stability is to set up a network of environmentally relatively stable locations, preservation or recovery of the landscape genetic resources, as well as preservation or bolstering of the diversity of indigenous species and their communities (biodiversity). Setting up territorial systems of ecological stability is, by law, a public interest shared by the owners of the land, the municipality and the state. 
Reclamation
Closing and reclamation of a landfill is defined by the CSN 83 8035 standard as the aggregate of measures and works carried out at the landfill having filled its volume and finished dumping waste in compliance with the conditions set by the standard. The binding measures include: regulating the shape of the landfill body, closure and reclamation of the surface with subsequent maintenance of the closed landfill including implementing prescribed monitoring in association with the set approved integrated pollution prevention and control (IPPC). Landfill closure potentially prevents the pollution or negative influence on individual environmental components in close vicinity to the landfill. Reclamation results in the best possible securing and setting up of suitable technical conditions for successive utilisation of the given site and apt incorporation of the reclamation site into the surrounding countryside.
The technical and biological reclamation at the landfill was carried out in 2009. The research focused only on the biological reclamation between 2009 and 2017. The course of biological reclamation was captured in photographs over the specified years .
Leachate toxicity monitoring
Leachate from the landfill is a potential source of environmental pollution that can for instance have a toxic effect on water sources, animals or plants. Leachate is contaminated with heavy metals which can represent a problem for the environment and the health of its inhabitants. Heavy metals are not biodegradable and have a toxic impact on living organisms. As a result, there is a potential risk of heavy metal pollution and their incorporation into the food chain. It is therefore essential to monitor the quality of leachate. Pursuant to legislation, the leachate, the underground and surface water by the landfill undergo regular monitoring twice a year. As part of the research, the samples of leachate from the leachate sink were taken. The collection of samples was made once a month between April and October 2016 (7 months). The leachate sample was collected once, directly from the active body of the landfill. Precipitation in the given period (mm) was monitored simultaneously. Figure 4 shows the leachate collection sites. Upon collection of leachate, the values below were measured at the site: pH, current temperature (°C) and conductivity (mS/m). Sterile 2 litre sample containers were used to collect the leachate samples and transport them for analysis in a laboratory under the stipulated conditions of 4°C temperature and in the dark. Every leachate sample was subsequently subjected to a toxicity test. A semi-chronic test using Sinapis alba L seeds was used. The main reason for carrying out the test was ascertaining the growth inhibition or leachate stimulation on plants and their potential to irrigate crops. The principle of the test is monitoring Sinapis alba L. reactions in the initial stages of development (sprouting and the growth of roots) in the tested solution of the sample, compared to the nutrient solution (Heralová, 2017) .
Phytotoxicity test of leachate
In order to assess the toxicity of landfill leachate, test organism, i.e. white mustard (Sinapis alba L.) was used. The phytotoxicity of the leachate was determined by calculating . On the basis of the studies conducted by previous authors, each leachate sample was diluted to give final leachate concentrations of 25%, 50%, 75%, 90% and 100%. Each concentration of the dilution series was tested with two replicate samples. The test organisms were exposed to the leachate solutions for a total of 72 h . The seeds of Sinapis alba L. were germinated in Petri dishes with a 14 cm diameter on filter paper on the bottom. The setup of the experiment is presented in Figure 5 2) with tested liquid was added into each dish, and 15 healthy looking seeds of similar size were evenly spread onto the surface of the filter paper. The Petri dishes were covered by a glass cap to prevent loss due to evaporation and were stored in darkness, inside an Ecocell incubator (t=24°C). After 72 h, the root length was measured .
Calculations and data analysis
The bioassays were performed in two replicates. The percent of root growth inhibition (RI) were calculated with the formula (Eq. 1) 
RESULTS AND DISCUSSION
The development of the location in question is evident from the analysis of the historical map of the military mapping III (A), then the 1950 map (B) and the present map (C). The maps are depicted in Figure 6 . Since the first mapping, the forest vegetation has spread, countryside mosaic has transformed, and a landfill was built (Heralová, 2017) . The site of the Štěpánovice landfill was marked in red. The first stage of MSW Štěpánovice construction started in 1995. In 1998 and 2010, the landfill was expanded with 2 nd and 3 rd stages. At present, the fourth stage is under way and it will enable running the landfill until 2030.
In terms of the pedological conditions, the prevailing type of soil is mesobasic cambisol, or respectively dystric cambisol. The landfill lies in sand-loam to loam-sand sediment and on a rock called chert. There are sands, loam and gravel located at the landfill (Heralová, 2017) . Figure 7 shows the location of the landfill in pedological (A) and geological (B) maps. The maps illustrate diverse types of soil (map A) and rock (map B).
KAd(RNm) dystric cambisol (RN modal); KAga' mesobasic ogleyic cambisol; KAa' mesobasic cambisol; RNt lithic ranker; HNg' mildly oglyic brown soil; LUg ogleyic luvisol; PGm modal pseudogley; HNlg' luvic mildly ogleyic brown soil; GLm modal gley; 1 chert; 2 sandloam to loam-sand sediment; 3 alluvial sediments; 4 silicity
In terms of geomorphic ranking, the landfill site belongs to the Czech Highland province, Broun system, Švihov Highland unit, Radyň Highland microregion, Kamýk Highland region. Štěpánovice and its vicinity are located in the mild warm climate MT 10 (very dry winters with short-term snow cover and a mildly warm course, dry and warm long-lasting summers). The average annual temperature is 8.0°C with Green corridors and habitats are significant components of the territorial system of ecological stability surrounding the landfill. The location of the landfill, in respect to the components of territorial system of ecological stability, is demonstrated in Figure 9 , the components of territorial system of ecological stability are distinguished in colour. The green corridor and habitats of regional and supra-regional significance are situated near the landfill (Heralová, 2017) .
The technical and biological (forestry) reclamation of the landfill's first stage was completed in 2009. The forestry reclamation incorporated the landfill into the territorial systems of ecological stability. The biological reclamation was implemented by hydro-seeding, application of compost, and planting shrubs and trees. The biological reclamation layer was monitored up until 2012. Trees were planted, weeds eradicated and fertilisers reapplied repeatedly. The reclamation was successful as the mortality of planted trees was low. Figure 10 
Characterization of the leachate
Landfill leachate is one of the major sources of pollutions discharged into the environment. It is composed from a complex mixture of chemicals and handling typically involves treatment, either on-site or at a wastewater treatment . The physical and chemi- (Heralová, 2017) cal analysis of raw leachate sample is shown in Table 1 . The leachate samples were analysed for pH, electrical conductivity (EC), chemical oxygen demand (COD), other parameters and a series of metals (Cd, Hg, Pb, Zn, Cr). Mean values for landfill leachate (month April -October 2016) are listed in Table 1 .
Results of growth inhibition of leachate samples
The toxicity of the collected leachate samples was ascertained using the semi-chronic method opting for the seeds of Sinapis alba L. plant. The leachate concentrations were tested in all sam- (Heralová, 2017) ples. Once the incubation term was over, the root length was measured for all seeds in the tested samples. The results were recorded and further processed. The obtained data was used to calculate the growth inhibition. The growth inhibition data for individual tested concentrations are processed into a graphic form (Figure 11-16 ). Likewise, the precipitation volume is provided for the periods under scrutiny.
The growth inhibition for a 25% leachate concentration ( Figure 11 ) moved in positive values in the period under scrutiny, i.e. 25% leachate concentration shows an inhibitory effect on Sinapis alba L. seeds. The growth inhibition figures for 25% concentration oscillated between 13.51% and 53.27%. The average figure for growth inhibition under 25% was 36.51%. The lowest values of growth inhibition were measured in the samples of leachate collected in June (13.51%) and July (26.46%), at the same time, the highest precipitation volumes over the whole monitored period were measured in these months. The volume of precipitation affected the leachate concentration and subsequently also the growth inhibition intensity for 25% leachate concentration.
The growth inhibition for 50% leachate concentration ( Figure 12 ) moved in positive values in the period under scrutiny, i.e. 50% leachate concentration shows an inhibitory effect on Sinapis alba L. seeds. The growth inhibition values oscillated between 10.19% and 72.94%. The average value for growth inhibition for 50% concentration was 41.59 %. The lowest growth inhibition figures were measured for the leachate samples collected in June (20.05%) and July (10.19%), at the same time the highest precipitation volumes over the whole monitored period were measured in these months. The volume of precipitation affected the leachate concentration and subsequently also the growth inhibition intensity for 50% leachate concentration. The 50% concentration showed a greater growth inhibition on average than the 25% leachate concentration, by 5.08%.
The growth inhibition for 75% leachate concentration ( Figure 13 ) moved in positive values in the period under scrutiny, i.e. 75% leachate concentration shows an inhibitory effect on Sinapis Figure 11 . Inhibition and rainfall relationship at 25% leachate concentration alba L. seeds. The growth inhibition figures oscillated between 24.59 % and 94.15%. The average value for growth inhibition for 75% concentration was 59.23%. The lowest growth inhibition figures were measured for leachate samples collected in June (31.19%) and July (24.59%), and the highest precipitation volumes over the whole monitored period were measured in these months. The volume of precipitation affected the leachate concentration and subsequently also the growth inhibition intensity for 75% leachate concentration. The 75% concentration showed a greater growth inhibition on average than the 25% (by 22.72%) and 50% (by 17.64%) leachate. The growth inhibition for 90% leachate concentration ( Figure 14 ) moved in positive values in the period under scrutiny, i.e. 90% leachate concentration shows an inhibition effect on Sinapis alba L. seeds. The growth inhibition values oscillated between 38.64 % and 98.44%. The average value for the growth inhibition for 90% concentration was 67.36 %. The lowest growth inhibition figures were measured for the leachate samples collected in June (47.41%) and July (38.64%), while at the same time, the highest precipitation volumes over the whole monitored period were measured in these months. The volume of precipitation affected the leachate concentration and subsequently also the growth inhibition intensity for 90% leachate concentration, just like with 25, 50 and 75% concentrations. On average, the 90% concentration shows a greater growth inhibition than 25% (by 30.85%), 50% (by 25.77%) as well as 75% (by 8.13%) of leachate concentrations.
The growth inhibition for 100% leachate concentration ( Figure 15 ) moved in positive values in the period under scrutiny, i.e. 100% leachate concentration shows an inhibitory effect on Sinapis alba L. seeds. The growth inhibition values oscillated between 43.91 % and 99.48%. The average value for the growth inhibition for 100% concentration was 73.26 %. The lowest growth inhibition figures were measured for the leachate samples collected in June (51.69%) and July (43.91%), while at the same time the highest precipitation volumes over the whole monitored period were measured in these months. The volume of precipitation affected the leachate concentration and subsequently also the growth inhibition intensity for 100% leachate concentration, just like with all the previously tested concentrations. The 100% leachate concentration showed the greatest overall growth inhibition (against 25% concentration by 36.75%, 50% by 31.67%, 75% by 14.03% and by 5.9% in the case of 90% concentration). Figure 16 shows the values of the growth inhibition for the leachate sample that was collected directly from the active body of the landfill as a one off, this water was tested at 25%, 50%, 75%, 90% and 100% concentration. The growth inhibition for all monitored concentrations showed positive figures, all tested concentrations had an inhibiting effect on the tested seeds of Sinapis alba L. The growth inhibition oscillated between 45.01% and 67.76%. The growth inhibition increased along with the concentration. All concentrations showed significant growth inhibition.
The toxicity of a leachate is given not only by the character of the stored waste but also the amount of precipitation that reaches the active body of the landfill.
With increasing use of MSW landfills as the most widely utilized method of solid waste disposal, the potential contamination from municipal landfills has become a serious problem. Therefore, it is important to study the toxic effects of operating and/or closed landfills on plants, mammals and humans. As it was mentioned above, landfills can be a source of environmental pollution mainly through landfill leachate, which is wastewater highly saturated with various compounds leaching out of decomposing MSW (Ohe et The inhibition of root growth and alkaline comet assay were used to assess the toxicity and genotoxicity potentials, respectively. The untreated leachate resulted in a significant inhibition of root growth. In the study carried out by Li et al. (2008) the physiological and genetic toxicity of the leachate, generated from Xingou Municipal Landfill in China, were investigated with Triticum aestivum (wheat) bioassay. The results from this study indicate that the lower leachate concentrations stimulated the germination and growth; however, the components of leachate from the landfill may be genotoxic in plant cells, and exposure to leachate in the aquatic environment may pose a potential genotoxic risk to organisms. In another study (Sang et al., 2006) , examine the genotoxicity of leachate with the Hordeum vulgare. The results confirmed that components of leachate might be genotoxic in plant cells. The leachate toxicity also varies seasonally. As highlighted by Sang and Li (2004) , seasonal difference in genotoxicity induced by leachate was observed and landfill leachates collected in different seasons vary in respect to their toxicity. 
CONCLUSIONS
Many studies have shown that the leachate from municipal solid waste landfills can be a source of contaminations. In this study it was observed that the contaminants in the leachate were diluted by rainfall, resulting in lower toxicity of leachate samples. The leachate at higher levels of concentrations heavily inhibited the plant growth, except for the leachate samples from June, July and September. In these three months, the rainfall was the largest so the toxicity of leachate samples was lower. Generally, the water at the landfill site is not toxic. The landfill itself is engineered, with bottom liner and leachate and landfill gas collection and treatment system. Therefore, leachate cannot find a path into the subsurface environment and migrate. The landfill has no direct and significant influence on the surrounding environment and water quality because: (i) the closed part of landfill is covered with an impermeable compact clay layer, geotextile membranes, nonwoven fabric and pulper products in order to prevent the rainwater from infiltrating the waste site and reaching the landfill base, (ii) the leachate from the landfill base is collected so that the leachate is entering the leachate pond, (iii) the evapotranspiration rate was increased by the biological recultivation (vegetative soil layer) -planting of a vegetation cover over the landfill in order to reduce the leachate production.
